To investigate the incidence of abnormal exercise blood pressure responses in hypertrophic cardiomyopathy (HCM) and the potential role of hemodynamic instability as a mechanism of sudden death, 129 consecutive patients with HCM underwent maximal symptom-limited treadmill exercise testing with blood pressure recording. Four patterns of blood pressure response were observed. Forty-three patients had significant exercise hypotension, with either a continuous fall in systolic blood pressure (n=5) from the start of exercise or a sudden fall in systolic blood pressure (20-100 mm Hg; mean, 40 mm Hg) from the peak value (n =38), 23 patients had a normal response during exercise but an abnormal blood pressure response in the recovery period, and the remaining 62 patients demonstrated a normal blood pressure response. Patients with exercise hypotension were younger (33±14 versus 46±14 years) and more of them had a family history of HCM and sudden death compared with those with a normal blood pressure response (15 of 43 versus 6 of 62 patients). Similarly, the 23 patients with abnormal recovery blood pressure responses were younger (43±+16 versus 46±+14 years) and had a higher incidence of a family history of sudden death (10 of 24 versus 6 of 62 patients). Left ventricular cavity dimensions were smaller in those with exercise hypotension, but 11 other clinical, echocardiographic, and arrhythmic variables were similar. To assess the mechanism of exercise hypotension, 14 patients who demonstrated exercise hypotension and 14 symptomatic patients with a normal exercise blood pressure response underwent invasive hemodynamic exercise testing. In the hypotensive group, cardiac index increased from 2.6 to 9.5 1/min/m2 at peak exercise similar to the increase found in patients with a normal blood pressure response. Cardiac index at peak exercise was marginally higher in the hypotensive group at peak exercise. Systemic vascular resistance was similar at rest and after 2 minutes of exercise, but resistance was significantly lower in the hypotensive group at peak exercise (428±185 versus 744±187 dynes/sec/cm-5; p=0.0001). Exercise hypotension is common in HCM (33%) and is due to a fall in systemic vascular resistance occurring despite a rising cardiac index. The association of hemodynamic instability, young age, and an adverse family history emphasizes the potential role of hemodynamic collapse as an initiating mechanism of sudden death in HCM. Prospective evaluation, particularly of young patients, is warranted. (Circulation 1990;82:1995-2002 Sudden death is common in hypertrophic cardiomyopathy (HCM 
and had a higher incidence of a family history of sudden death (10 of 24 versus 6 of 62 patients).
Left ventricular cavity dimensions were smaller in those with exercise hypotension, but 11 other clinical, echocardiographic, and arrhythmic variables were similar. To assess the mechanism of exercise hypotension, 14 patients who demonstrated exercise hypotension and 14 symptomatic patients with a normal exercise blood pressure response underwent invasive hemodynamic exercise testing. In the hypotensive group, cardiac index increased from 2.6 to 9.5 1/min/m2 at peak exercise similar to the increase found in patients with a normal blood pressure response. Cardiac index at peak exercise was marginally higher in the hypotensive group at peak exercise. Systemic vascular resistance was similar at rest and after 2 minutes of exercise, but resistance was significantly lower in the hypotensive group at peak exercise (428±185 versus 744±187 dynes/sec/cm-5; p=0.0001). Exercise hypotension is common in HCM (33%) and is due to a fall in systemic vascular resistance occurring despite a rising cardiac index. All patients underwent 48-hour electrocardiographic monitoring at the time of diagnosis or within 6 months of the study and were not receiving cardioactive medication.17 Twenty-eight (22%) had nonsustained ventricular tachycardia, defined as three or more consecutive ventricular extrasystoles with a mean rate of 120 beats/min or more for less than 30 seconds, and 34 (26%) had episodes of paroxysmal atrial fibrillation or supraventricular tachycardia, defined as three or more consecutive narrow complex extrasystoles at a mean rate of 120 beats/min or more. normotensive group, seven had experienced syncope; five of these seven patients experienced syncope in association with paroxysmal atrial fibrillation ( Table  2 ). In the hypotensive group, two had a continuous fall in blood pressure, while 12 demonstrated an initial rise and subsequent fall in blood pressure during exercise of 25-100 mm Hg (median, 50 mm Hg) from the peak value (Figure 2 ). Cardiac index increased in both groups and was higher in the hypotensive group at peak exercise (9.5 ±2.8 versus 7.8 ± 1.6 1/min/m2;p=0.05), reflecting the higher peak Vo2 and younger age of this group (Figure 3) . The systemic vascular resistance at rest was similar in the normotensive and in the hypotensive patients. During the first 2 minutes of exercise, the fall in systemic vascular resistance was similar in both groups; however, at peak exercise, the systemic vascular resistance was significantly lower in the hypotensive group than in controls (Figure 4) . The fall in systemic vascular resistance expressed as the percentage decrease from baseline to peak exercise was also significantly greater in patients with a hypotensive response than in those with a normotensive response.
Discussion
Exercise hypotension has been documented in HCM. 21 The potential for hemodynamic collapse was recognized early,1 and its importance was underscored by the fact that the majority of sudden deaths occurred during or in the recovery period after exercise, 22, 23 In HCM, it has been assumed that exercise hypotension is related to the inability to maintain stroke volume during tachycardia because of inadequate time for filling. In this study, the cardiac index rose similarly in both groups, being marginally higher in the hypotensive patients because they were younger and exercised to a greater workload as judged by peak oxygen consumption at anaerobic threshold. The magnitude of the increase in cardiac index seen in both groups was similar to that of untrained normal subjects of similar age and gender. 26 The peak heart rate and cardiac index during exercise were similar in patients with and without a resting left ventricular gradient, suggesting that in these patients such gradients did not significantly limit the stroke volume response during exercise and that obstruction was not a determinant of exercise hypotension. At the commencement of exercise, the systemic vascular resistance normally falls to approximately half the resting value as the vasculature of the exercising muscle dilates.7 In both the normal blood pressure group and the hypotensive group, systemic vascular resistance was similar at rest and at 2 minutes, confirming an initially normal vasodilator response. At peak exercise in the hypotensive group, however, the systemic vascular resistance fell to approximately 25% of the resting value, whereas in the normal group it remained at approximately 45% of the resting value. The mechanism of this exaggerated fall in peripheral vascular resistance is unknown .0 but may relate to activation of the ventricular baroreceptor reflex resulting in withdrawal of sympathetic tone to the resistance vessels.2527-29 This reflex has been implicated in syncope associated with aortic stenosis and, more recently, in the blunted blood pressure response to exercise in some patients with ischemic heart disease.24,25,28 Support for activation of this reflex as a mechanism in the present study comes from the reduced left ventricular systolic and diastolic dimensions found in the patients with exer--cise hypotension. Exercise hypotension was more common in the younger patients and was associated with reduced left ventricular cavity dimensions. Increased wall stress is known to activate the ventricular mechanoreceptors; reduced ventricular volume, increased wall thickness, and heightened sympathetic drive might result in increased wall stress. [30] [31] [32] Activation of the ventricular mechanoreceptor reflex resulting in decreased sympathetic tone might be expected to affect heart rate. We did not observe any slowing of the peak heart rate coincident with hypotension, but this component of the reflex may be masked by high levels of circulating catecholamines during high levels of exercise. 33 The relation of exercise hypotension and abnormal recovery blood pressure response to a family history of sudden death suggests that hemodynamic instability is an important potential mechanism for sudden death in HCM.56 Three asymptomatic patients not receiving medication and all under the age of 25 years experienced sudden death; two were successfully resuscitated. All three patients had exercise hypotension. The finding of hemodynamic instability and its association with youth and a family history of sudden death suggests an important initiating mechanism of sudden death. The demonstration of exercise hypotension may provide a useful marker for the high-risk young patient. Identification of patients at high risk is problematic. Syncope in children and ventricular tachycardia in adults are sensitive and specific markers of increased risk but have a low predictive accuracy. The finding of equal proportions of syncope and ventricular tachycardia in the three blood pressure response groups suggests that exercise hypotension is a useful adjunct in risk stratification. This warrants prospective evaluation, particularly in view of the absence of a sensitive marker of sudden death in young patients with HCM.34
